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ABSTRACT
Background: This study investigated changes in body weight, lean body mass (LBM), fat mass (FM),
muscle strength and functional performance during radiation treatment in head and neck cancer
(HNSCC) patients. Secondly, it investigated the impact of cisplatin-based chemoradiation (CCRT) on
LBM loss compared with radiation alone.
Methods: 48 patients (all tumor sites) received either 6weeks of radiation alone (n¼ 16) with 66–
68Gy in 33–34 Fx, 5-6 Fx/week or CCRT, adding weekly cisplatin or carboplatin (n¼ 32). LBM and FM
was evaluated using Dual-energy X-ray Absorptiometry bi-weekly from pre- to two weeks post-treat-
ment. Maximal muscle strength (knee extension, leg - and chest press) and functional performance
(stair climb, chair rise, and arm curl) were assessed pre- and post-treatment.
Results: Body weight and LBM had declined significantly already week 2 into treatment and declined
significantly further through week 4 and 6 before leveling off after week 6. Bi-weekly, from treatment
start to week 2, 2–4, and 4–6, LBM declined 1.2±0.4 kg (p¼ .002; 95% CI: 0.4;2.0), 2.0 ± 0.4 kg
(p< .0001; 1.2;2.8) and 1.4±0.4 kg (p¼ .001; 0.6;2.2). With a two-week delay, FM declined significantly
from week 2–8. All measures of muscle strength declined significantly from pre- to post-treatment.
Functional performance was unchanged. LBM loss from pre- to post-treatment was significantly associ-
ated with impaired muscle strength (R2 ¼ 0.3–0.5). CCRT patients lost 3.1 ± 0.8 kg of LBM (p¼ .0001;
1.5;4.7) more from pre- to post-treatment compared with patients receiving radiation alone. Analyses
adjusting for nimorazole, tumor stage, baseline BMI, mean radiation dose to constrictor muscles and
oral cavity confirmed this.
Conclusion: Accelerated and substantial LBM loss was already initiated within the first two weeks of
treatment - before the onset of radiation-induced mucositis. LBM loss was associated with muscle
strength impairment. Patients receiving CCRT experienced significantly larger LBM loss than patients
receiving radiation alone.
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Background

Weight loss is common following treatment in patients with
head and neck squamous cell carcinoma (HNSCC) [1,2] and is
associated with a reduction in quality of life, patient-reported
functional performance, as well as disease-specific survival
[3,4]. Overall, weight loss may comprise as much as 10% of
pre-treatment body weight and is caused by the cancer dis-
ease per se (i.e., cancer cachexia) and treatment-related side
effects such as mucositis and dysphagia leading to a
decrease in energy intake [1,2].

A recent review of the literature by Ferr~ao et al. [5] sug-
gests that loss of body weight during treatment in HNSCC
patients constitutes both loss of fat and lean body mass
(LBM). It has been suggested that up to three-quarters of
body mass loss is constituted by LBM [6]; however, the

current evidence is characterized by rather heterogeneous
studies performed in mixed HNSCC populations in terms of
tumor sites, disease extent, and treatment modalities with
either concurrent chemoradiation therapy (CCRT) or radiation
alone. Investigations taking such potential effect modifiers
into account are needed.

Most studies have used less validated or indirect evalu-
ation methods of LBM, such as bioelectrical impedance ana-
lysis (BIA), skinfold thickness measurements, or calculated
whole-body muscle mass estimates from computed tomog-
raphy (CT) scans at the lumbar level. Only four [6–9] of the
twelve studies reviewed by Ferr~ao et al. [5] assessed body
composition using Dual-Energy Absorptiometry (DXA), which
is considered the gold standard of body composition evalu-
ation in HNSCC patients [10]. Furthermore, no studies have
evaluated LBM multiple times during treatment, but have
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been limited to evaluations of changes from pre-treatment
to one or two time points, months after treatment [5]. Thus,
studies using accurate and validated measures of LBM in
HNSCC patients with detailed temporal changes in body
composition from treatment onset to the time of post-radi-
ation tumor evaluation are needed.

Previously, we have shown that LBM loss is associated
with loss of muscle strength and functional performance in
HNSCC patients post-treatment [11]. Only one [9] of the DXA
studies mentioned above assessed maximal muscle strength
(by handgrip strength), while other publications on objective
and patient-reported measures of functional performance
have reported diverging findings [6–9]. Thus, the relationship
between LBM changes during radiation treatment and
changes in muscle strength and functional performance in
HNSCC patients remains under-investigated. In addition to
the negative consequences on muscle function, LBM loss has
been shown to predict chemotherapy dose-limiting toxicity
[12] and has been associated with overall and disease-spe-
cific survival in HNSCC patients [13]. Even though a causal
relationship has not been demonstrated prospectively, inves-
tigations of LBM loss remains important.

The majority of HNSCC patients in Denmark receive CCRT
with weekly cisplatin. As recently reviewed by Fairman et al.
[14], there is robust pre-clinical evidence that muscle mass
loss is influenced by chemotherapy administration – includ-
ing cisplatin [15–18]. A low number of studies in various clin-
ical cancer cohorts have hypothesized that LBM may be
negatively affected during chemotherapy in different drug
combinations [19,20]. However, to our knowledge, no studies
have investigated the impact of cisplatin on LBM in a clinical
setting.

The primary aim of the present study was to investigate
the change in body composition (LBM, body weight, and fat
mass), maximal muscle strength and functional performance
during radiation treatment in HNSCC patients and to investi-
gate the association between the LBM loss and impairments
in maximal muscle strength and functional performance.
Secondly, the study investigated whether adding cisplatin
during chemoradiation was associated with exacerbated LBM
loss compared to radiation alone.

Methods

This study was a single-arm, prospective, cohort study.
Eligible HNSCC patients were included at the Department of
Oncology, Odense University Hospital, Denmark over
26months. Eligibility criteria were: (1) histologically proven
epithelial cell carcinoma of the larynx, pharynx, oral cavity, or
unknown primary tumor, (2) prescribed to radical or post-
operative radiotherapy of at least 60Gy with or without con-
comitant chemotherapy. Exclusion criteria were palliative
radiation, participation in competing research protocols or
age under 18 years.

Patient demographics and additional data were retrieved
from the national Danish Head and Neck Cancer Group
(DAHANCA) database and patients’ electronic medical
records. This included age, gender, body weight, height,

WHO performance status, HPV or p16 status, tumor site
(pharynx, oral cavity, supraglottic and glottic larynx, and
unknown primary tumor), tumor stage, treatment dose (Gy),
fractionation (5 versus 6 Fx/week), number of treatment
days, weekly albumin, and hemoglobin levels, and whether
patients received cisplatin and the hypoxic radiosensitizer
nimorazole. Patients prescribed concomitant chemotherapy
received 40mg/m2 of cisplatin weekly, or in case of hearing
impairment, carboplatin AUC 1.5 according to DAHANCA
guidelines [21].

Baseline evaluations on all patients included physical
examination, anthropometric assessment, and blood sam-
pling (hemoglobin and albumin). Patients were followed
weekly with dietary counseling and pain management and
offered educational sessions with relatives, and referral to a
dietician when clinically indicated. Standardized nutritional
support provided complete meal replacement drinks. Specific
dietary intake was not recorded.

Feeding tube insertion followed a ‘reactive’ institutional
policy, with decisions based on concerns regarding weight
loss, insufficient food or liquid intake, and difficulty taking
prescribed medication, including analgesics and nimorazole.

The study received approval from the regional committee
on Health Research for Southern Denmark (journal number
S-10140144) and was registered on clinicaltrials.gov
(Identifier: NCT05890859).

Body composition

The primary endpoint was whole-body LBM. Secondary body
composition measures included appendicular (ALBM), lower
and upper extremity LBM (LELBM and UELBM, respectively),
and whole-body fat mass (FM). All body composition end-
points were measured at baseline just before treatment start
and continuously two, four, six, and eight weeks after the
onset of treatment using total body Dual-energy X-ray
Absorptiometry (DXA) scans (Hologic QGR Discovery, Hologic
Inc., Bedford, MA, US.). All patients were scanned in the
standardized supine position in underwear only. Due to eth-
ical considerations when studying a potential malnourished
cohort, patients did not undergo DXA scans in the fasting
state but were encouraged to standardize pre-scanning eat-
ing and drinking between each visit. This was to ensure as
consistent hydration levels as possible since this has been
reported to affect the validity of LBM determined by DXA
[22]. Previously, on the exact same DXA scanner and under
the same pre-scanning circumstances, we reported a 0.4%
mean coefficient of variance of whole-body LBM in a com-
parable HNSCC cohort [23]. On the same occasion as the
DXA scan, total body weight was measured using a standard
clinical scale after patients removed shoes and heavy
clothing.

Maximal muscle strength and functional performance

Patients’ maximal muscle strength and functional performance
were assessed twice: pre-treatment and immediately post-
treatment. The assessment involved a standardized 5-minute
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ergometer cycling warm-up protocol. Subsequently, patients
performed maximal functional performance tests in the same
order during both visits. Upper body functional performance
was evaluated using the 30-s arm curl test, where seated
patients attempted to lift a 3 kg (for women) or 4 kg (for men)
dumbbell as many times as possible in 30 s using the domin-
ant arm. Lower body functional performance was assessed
with the 30 s chair rise test, where patients aimed to stand up
from a chair as many times as possible in 30 s. From the same
test, lower extremity muscle power (Watt and Watt/kg BW)
was calculated as described and validated elsewhere [24]
using the patients’ body mass and height, chair height
(43 cm), and the number of repetitions completed. The power
estimate was included to provide a measure of a more explo-
sive-type muscle function, which cannot be derived from the
1RM tests.

Body weight-carrying functional performance was deter-
mined through the stair climbing test, where patients tried
to ascend two flights of stairs as quickly as possible. These
standardized tests have been extensively described and uti-
lized in studies involving HNSCC patients [11,25,26]. During
the functional performance tests, patients were provided
with two attempts, separated by a three-minute rest period,
and the best attempt was recorded for analysis.

Immediately following the functional performance tests,
patients completed three tests to assess maximal muscle
strength. The tests included seated knee extension, chest
press, and leg press, using standardized training equipment
(Technogym, Cesena, Italy). Unilateral knee extension and leg
press were performed using the patients’ dominant leg,
while bilateral chest press was conducted. Patients under-
went 4–6 submaximal warm-up attempts, which progres-
sively increased in intensity. Subsequently, patients
attempted one repetition at a time with an individually set
weight. If the weight was lifted successfully with a full range
of motion, a three-minute rest period was provided, and the
weight increased. One-repetition maximum (1RM) was to be
obtained within 6–8 attempts. The highest weight achieved
represented the 1RM.

Statistics

The estimated sample size of the study was based upon the
assumption that a minimum of ten events (i.e., patients) are
needed per variable included in an adjusted linear regression
analysis to ensure appropriate statistical power [27]. Thus, 50
patients were to be included in the study when accounting
for a 10% drop-out rate. All data were tested for normal dis-
tribution using Q-plots and histograms. Endpoint changes
between several time points during treatment were analyzed
using linear mixed models and post hoc analyses. Crude and
adjusted linear mixed model analyses were used to investi-
gate whether changes in body composition from pre- to
post-treatment differed between patients receiving CCRT (cis-
platin or carboplatin) compared to radiation alone.

The following potential effect modifiers were all included
in the adjusted analyses: nimorazole (dichotomized to yes or
no), tumor stage (dichotomized to Iþ II vs IIIþ IV), baseline

BMI (dichotomized to� or> the median of 26), oral cavity
mean radiation dose (Gy) and pharynx constrictor muscles
mean radiation dose (Gy). These variables were chosen since
they were anticipated to be related to changes in total BW
during treatment in HNSCC patients [2,28]. Instead of tumor
site as a surrogate for radiation treatment volume and dys-
phagia or mucositis, the mean radiation dose (Gy) to the
pharyngeal constrictor muscles and oral cavity was intro-
duced. The organs at risk were delineated, as described else-
where [29], in the treatment planning system (Pinnacle,
Philips) from which individual mean doses were retrieved.
Pre-treatment to post-treatment changes in muscle strength
and functional performance were analyzed using Students
Paired T-tests. All endpoints were tested statistically using a
5% level of significance. Data are presented as mean
values ± SEM. All statistical analyses were performed using
STATA software version 17 (Stata Corp LLC, Texas, US).

Results

Fifty-five patients were recruited from April 2015 to July
2017. Seven patients were excluded, leaving 48 patients for
primary outcome analyses. Reasons for exclusion were: 1)
withdrawal of consent (n¼ 2), absence from three or more
DXA appointments (n¼ 1), hospitalization because of comor-
bidity (n¼ 3), and prophylactic tracheostomy (n¼ 1). Table 1
shows that 48 HNC patients in performance status 0–1 were
included. Sixteen patients received radiation alone and 32
patients received concurrent chemoradiation (27 cisplatin
and 7 patients carboplatin).

Body composition

From pre-treatment to 8weeks after treatment start, total
BW declined by 7.2 ± 0.5 kg (8.8%) from 86.6 ± 2.6 to
79.7 ± 2.5 kg (p< .0001; 95% CI: 6.2;8.3 kg), total LBM declined
by 4.7 ± 0.4 kg (9.3%) from 59.7 ± 1.8 to 55.4 ± 1.7 kg
(p< .0001; 95% CI: 3.9;6 kg), total FM declined by 2.5 ± 0.2 kg
(9.0%) from 26.9 ± 1.4 to 24.3 ± 1.5 kg (p< .0001; 95% CI:
2.1;2.9 kg) (Figure 1 and Table 2).

ALBM declined by 2.1 ± 0.2 kg (8.1%) from 25.8 ± 0.9 to
23.9 ± 0.8 kg (p< .0001; 95% CI: 1.7;2.4 kg), UELBM declined
by 0.7 ± 0.08 kg (10.0%) from 7.0 ± 0.3 to 6.4 ± 0.3 kg
(p< .0001; 95% CI: 0.5;0.8) and LELBM declined by 1.5±.0.1 kg
(8.0%) from 18.7 ± 0.6 to 17.4 ± 0.6 kg (p< .0001; 95% CI:
1.2;1.8 kg) (Figure 2 and Table 2).

Total BW and all measures of LBM declined significantly
already at week 2 and continued to decline significantly
through week 4 and 6 before leveling off from week 6 to 8.
Thus, every two weeks from treatment start to week 2, week
2–4, and 4–6, total LBM declined by 1.2 ± 0.4 kg (p¼ .002;
95% CI: 0.4;2.0 kg), 2.0 ± 0.4 kg (p< .0001; 95% CI: 1.2;2.8 kg)
and 1.4 ± 0.4 kg (p¼ 0.001; 95% CI: 0.6;2.2 kg). Similarly, ALBM
declined by 0.5 ± 0.2 kg (p¼ .006; 95% CI: 0.2;0.9 kg),
0.8 ± 0.2 kg (p< .0001; 95% CI: 0.5;1.2 kg) and 0.7 ± 0.2 kg
(p< .0001; 95% CI: 0.4;1.1 kg).

The decline in total FM was delayed compared to LBM and
was unchanged from pre-treatment to week 2 (p¼ .2), after
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which it declined from week 2–4, 4–6, and 6-8 by 0.7 ±0.2 kg
(p¼ .002; 95% CI: 0.3;0.7 kg), 0.9 ±0.2 kg (p< .0001; 95% CI:
0.5;1.3 kg) and 0.7 ±0.2 kg (p¼ .002; 95% CI: 0.2;1.1 kg).

Maximal muscle strength and functional performance

One RM knee extension declined significantly by 2.5 ± 1.2 kg
(5.3%) from 47.0 ± 2.3 to 44.5 ± 2.5 kg (n¼ 32; p¼ .045; 95%
CI: 0.04; 5.0 kg), 1RM leg press declined significantly by
7.2 ± 1.4 kg (12.7%) from 59.2 ± 3.5 to 52.0 ± 3.6 kg (n¼ 32;
p< .0001; 95% CI: 4.4; 10.0 kg) and 1RM chest press declined
significantly by 5.0 ± 1.1 kg (10%) from 50.0 ± 2.8 to
44.6 ± 2.7 kg (n¼ 34; p¼ .0001; 95% CI: 2.8; 7.2 kg). As shown
in Figure 3 none of the functional performance evaluations
changed from pre- to post-treatment (n¼ 29–31). Total and
BW-adjusted lower extremity muscle power also did not
change during treatment (Table 2).

The pre- to post-treatment change in total LBM was sig-
nificantly associated with a change in 1RM knee extension
(R2 ¼ 0.5; p< .0001), 1 RM leg press (R2 ¼ 0.3; p¼ .002), and
1RM chest press (R2 ¼ 0.4; p¼ .0001). Similarly, the pre- to
post-treatment change in ALBM was associated with the
same measures of muscle strength with R2 values equaling
0.5 (p< .0001), 0.3 (p¼ .002), and 0.4 (p¼ .0001), respectively.

Changes in body composition after CCRT compared
with radiation alone

Figure 4 shows the reported levels of total LBM for patients
receiving radiation alone and CCRT at various time points.

Table 1. Patient characteristics.

Number, n 48
Median age in years (range) 56 ± 1 (33–78)
Body weight at inclusion (kg) 86.0 ± 2.5
Body mass index at inclusion 26.9 ± 0.7
Sex
Female 8 (17%)
Male 40 (83%)

Tumor site
Pharynx 33 (69%)
Larynx 9 (19%)
Oral cavity 4 (8%)
Other 2 (4%)

Stage
I 6 (13%)
II 5 (10%)
III 12 (25%)
IV 25 (52%)

Smoking history
Never 11 (23%)
Previous 22 (46%)
Present 15 (31%)

Treatment
Radiation alone 16 (33%)
Chemoradiation 32 (67%)

Mean radiation dose
66 Gy 42 (87%)
68 Gy 6 (13%)

Fractions per week
5 6 (12%)
6 42 (88%)

Nimorazole
Yes 34 (71%)
No 14 (29%)

WHO performance status
0 44 (92%)
1 3 (6%)
2 1 (2%)

Figure 1. Changes in total body weight, LBM (lean body mass) and fat mass (FM) during treatment. Specific p-values denote significant difference from previous
time-point according to the linear mixed models and post hoc analyses. Data are presented as mean values ± SEM.
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Figure 2. Changes in appendicular lean body mass (ALBM), Upper extremity lean body mass (UELBM) and lower extremity lean body mass (LELBM) during treat-
ment. Specific p-values denote significant difference from previous time-point according to the linear mixed models and post hoc analyses. Data are presented as
mean values ± SEM.

Figure 3. Levels of maximal muscle strength (1 repetition maximum test) and functional performance pre- and post-treatment (30 s chair rise, 30 s arm curl, stair
climb). Values expressed as means ± SEM. Specific p-value denotes significant or non-significant difference between time points according to the student’s Paired
T-test.

Table 2. Body composition and lower extremity power during the course of treatment.

Pre-treatment 2 weeks 4 weeks 6 weeks 8 weeks

Whole-body BW (kg) 86.6 ± 2.6 85.2 ± 2.6a 82.5 ± 2.5a 81.1 ± 2.4a 79.7 ± 2.5a

Whole-body LBM (kg) 59.7 ± 1.8 58.5 ± 1.7a 56.5 ± 1.7a 55.8 ± 1.6a 55.4 ± 1.7
Whole-body FM (kg) 26.9 ± 1.4 26.7 ± 1.4 26.0 ± 1.4a 25.3 ± 1.4a 24.3 ± 1.5a

ALBM (kg) 25.8 ± 0.9 25.2 ± 0.8a 24.9 ± 0.8a 24.0 ± 0.8a 23.9 ± 0.8
UELBM (kg) 7.0 ± 0.3 6.9 ± 0.3a 6.6 ± 0.3a 6.4 ± 0.3a 6.4 ± 0.3
LELBM (kg) 18.7 ± 0.6 18.4 ± 0.6a 17.7 ± 0.6a 17.5 ± 0.6a 17.4 ± 0.6
Trunk LBM (kg) 30.1 ± 0.9 29.5 ± 0.9a 28.4 ± 0.8a 28.1 ± 0.8a 27.8 ± 0.8a

Trunk FM (kg) 13.9 ± 0.8 13.7 ± 0.8 13.2 ± 0.8a 12.8 ± 0.8a 12.1 ± 0.8a

LE power (Watt) 488 ± 22 – – – 474 ± 26
LE power (Watt/kg) 5.7 ± 0.3 – – – 6.0 ± 0.3

Measures of body composition and lower extremity (LE) power during the course of treatment from pre-treatment and every
two weeks until two weeks after treatment end. LBM: Lean body mass; ALBM: appendicular lean body mass; UELBM: upper
extremity lean body mass; LELBM: lower extremity lean body mass; FM: fat mass. All values presented as means ± SE.
aDenotes significantly difference from previous time point (p< .05).
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According to the crude linear mixed model analyses, patients
receiving CCRT experienced significantly larger body compos-
ition changes compared to patients receiving radiation alone.
Thus, according to the analysis estimates, total BW declined
from pre-treatment to two weeks post-treatment by
4.6 ± 1.0 kg more in CCRT patients compared with patients
receiving radiation alone (p< .0001; 95% CI: 2.7;6.6 kg), total
LBM declined by 3.1 ± 0.8 kg more (p< .0001; 95% CI: 1.5;
4.7 kg), FM declined by 1.5 ± 0.4 kg (p¼ .001; 95% CI: 0.7;
2.4 kg) and ALBM declined by 1.2 ± 0.4 kg more (p¼ .001;
95% CI: 0.5; 2.0 kg).

The results from the linear mixed model analyses adjust-
ing for tumor stage, mean radiation dose to the oral cavity,
mean radiation dose to the constrictor muscles, nimorazole,
and baseline BMI were aligned with the crude analyses’ find-
ings. Thus, the estimations from the adjusted mixed models
provided larger declines from pre-treatment to two weeks
post-treatment in CCRT compared with radiation-alone
patients: Total BW decline was 4.1 ± 1.1 kg (p< .0001; 95% CI:
1.9; 6.3 kg) larger for CCRT patients, total LBM was
2.8 ± 0.9 kg (p¼ .004; 95% CI: 0.9;4.6 kg) larger, total FM was
1.3 ± 0.5 kg (p¼ .007; 95% CI: 0.4; 2.3 kg) larger and ALBM
was 1.1 ± 0.4 kg (p¼ .009; 95% CI: 0.3;2.0 kg) larger.

Discussion

Our findings are that the 4.7 kg loss of LBM constitutes the
greatest part of the total 7.7 kg body mass loss from pre-
treatment to two weeks post-treatment. LBM was reduced
significantly already 2 weeks into treatment and continued
with a substantial 1.2–2 kg bi-weekly decline until the end of
treatment, from where it leveled off. Similar results were
observed for ALBM. In contrast, the decline pattern in FM
was shifted right, not showing a significant decline until four
weeks into treatment but was ongoing until two weeks after
the end of treatment.

Interestingly, the decline in LBM, ALBM, UELBM, and
LELBM were significant and substantial already before the
onset of radiation-induced mucositis that have been reported
to occur approximately two-three weeks into treatment
[30,31]. This could be attributable to nausea or vomiting
among patients from cisplatin or nimorazole administration
[32]. However, a review of patients records revealed no regis-
trations of nausea during the first four weeks, and previously,
in a comparable cohort of patients, only 12–13% of patients
reported grade 2 or worse nausea and vomiting over the
whole treatment course of cisplatin-based CCRT [33]. In add-
ition, our adjusted linear mixed model analyses did not dis-
cern nimorazole, with nausea as a known side effect, as an
independent factor of weight loss or loss of LBM, while a sig-
nificantly larger loss of LBM following the course of CCRT per
se was demonstrated. It cannot be excluded that early loss
of LBM is affected by tumor/disease burden inducing cancer
cachexia and causing a catabolic state and increased sys-
temic inflammation already pre-treatment as reported in
comparable HNSCC cohorts previously [34–36].

We acknowledge that the patients’ energy intake and
physical activity levels are relevant confounders to the
observed early LBM loss. We have no records of individual
energy intake and are unable to adjust the analyses for this.
Data on physical activity levels was obtained from Physical
Activity Scale questionnaires (PAS) [37] collected pre- and
two weeks post-treatment. However, the data was regarded
insufficient in terms of estimating changes in levels of phys-
ical activity with a satisfactory frequency and thus, unreliable
as an explanatory confounder for early LBM loss and
excluded.

The early and substantial LBM loss occurs despite nutri-
tional support, educational sessions on diet and prophylactic
tube insertion at our institution and emphasizes both the
severity and complexity of the problem as well as a potential
need for even earlier and more effective prophylactic inter-
vention. This may include multimodal approaches such as
enhanced nutritional intervention and support [38,39] com-
bined with resistance exercise as shown in the DAHANCA 25
studies [23,26] and other trials [40,41]. Specifically, the
randomized controlled DAHANCA 25B trial reported a mean
2.4 kg LBM increase following 12weeks of resistance training
initiated two months post-treatment. Thus, it is likely that
resistance training after completion of treatment can reverse
the LBM loss to a large extent, however despite ongoing ini-
tiatives [40], it remains to be investigated whether resistance
training from the onset of treatment is feasible and can pre-
vent or reduce LBM loss. In HNSCC patients who likely strug-
gle to meet the nutritional demands, aerobic exercise should
be avoided since this does not increase LBM, but may
increase energy expenditure and exacerbate the loss of LBM
and FM [42].

All measures of maximal muscle strength were signifi-
cantly impaired post-treatment, and the changes were sig-
nificantly associated with the reduction in both whole body
LBM and ALBM. This aligns with cross-sectional data from
the DAHANCA 25 studies based on similar evaluation meth-
ods [11] and a previous study assessing muscle strength

Figure 4. Observed levels of whole body lean body mass (LBM) during the
course of radiation alone or concurrent chemoradiation (CCRT). Data are pre-
sented as mean values ± SEM.
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objectively [9,43]. The associations were low to moderate (R2

between 0.3 and 0.5) leaving 30–50% of the variation in
muscle strength decline explained by variation in LBM
decline. Other factors that affect maximal muscle strength
include changes in neural muscle activation and interaction
between the working muscles, as well as motor skills [44].
Impairment in these parameters may contribute to declines
in muscle strength, however, the present study has no data
to investigate this.

In contrast, functional performance measures remained
unchanged during treatment, contradicting our hypothesis and
previous findings indicating a significant but weaker relation-
ship between levels of LBM and functional performance [11].
Typically, functional performance relies not only on muscle
mass and strength but also on neural factors and motor skills
[23]. Consequently, if patients engage daily in regular activities
such as climbing stairs and getting up from chairs, they may
maintain their performance levels during treatment even with
LBM reductions. Furthermore, a sustained higher level of per-
formance induces the risk of a ceiling effect in the performance
tests, and this could affect the sensitivity of the tests to identify
any changes. We also acknowledge the potential for a learning
effect among patients from pre- to post-treatment; however,
the two tests were conducted approximately eight weeks apart,
and any learning effect was mitigated through familiarization
before each test.

Remarkably, our data shows that cisplatin-based CCRT
was associated with significantly larger decrements in whole-
body LBM (3.1 kg) and ALBM (1.2 kg) compared with radi-
ation alone. Thus, our observations lend support to the
hypothesis that platinum may exert a direct toxic effect on
muscle cells. This has been proposed from data derived from
animal-models [18,45].

Given the reported association between LBM loss and loss
of muscle strength in the present cohort as well as other
cohorts of HNSCC patients [11], the accelerated LBM loss fol-
lowing CCRT may potentially worsen the physical impair-
ments in this sub-group. A subsequent, explorative analysis
showed that change in 1RM chest press was significantly
larger (p¼ .03; Students unpaired T-test) in patients receiving
CCRT (�7.0 ± 1.4 kg) compared with radiation alone
(�2.1 ± 1.4 kg). Showing similar trends, but statistically insig-
nificant, 1RM leg press and 1RM knee extension change were
larger in patients receiving CCRT (�8.6 ± 2.2 kg and
�4.0 ± 1.6 kg, respectively) compared with radiation alone
(�5.2 ± 1.0 kg and �0.3 ± 1.6 kg, respectively). The explorative
nature and low sample size should be considered when
interpreting these findings and further studies are warranted.
Nonetheless, together with the exacerbated LBM loss, these
findings provide interesting characteristics of the short-term
treatment impact in the CCRT subgroup which could be
important arguments in terms of initiating more intense diet-
ary and exercise interventions as early as possible.

Strengths and limitations

In contrast to other studies [6,9], this study meticulously
investigated changes in body composition bi-weekly during

treatment in HNSCC patients from the gold standard, Dual-
energy X-ray Absorptiometry. This enabled reliable investi-
gations within a shorter time frame of ongoing radiation
treatment, providing a more comprehensive understanding
of the impact of treatment in HNSCC patients. To our
knowledge, the present study is the first clinical study to
investigate the impact of cisplatin-based chemotherapy on
LBM – not only in HNSCC patients but in cancer patients
in general.

Despite a low coefficient of variation of LBM using DXA
scans in the present cohort, we acknowledge that the hydra-
tion status of the patients may not be fully standardized
between DXA scans. Thus, there is a risk that the variations
in the different measures of body composition are increased
which should be considered when interpreting the specific
changes in all DXA endpoints.

Given the rather small sample size, the number of con-
founding factors that can be included in the analyses are
limited. Specifically, energy intake and physical activity levels
would have been relevant to include. As mentioned earlier
insufficient data on physical activity, disqualified the inclu-
sion of this confounder in the analyses of early LBM loss.
Preliminary analyses of the data revealed no significant dif-
ference between the fraction of patients not participating in
regular exercise (68–77% of the cohort) [37] and thus, this
parameter was excluded from further analyses of overall
changes in body composition endpoints.

We acknowledge the risk of selection-bias in generalizing
the findings of the study since the single-center population
is both relatively small and represents a group of well-func-
tioning patients (WHO performance score 0–1). Specifically, a
number of patients were unable to complete the tests for
muscle strength and functional performance post-treatment
due to dizziness, fatigue, and low energy-levels which
reduced statistical power. Consequently, the present findings
should be translated only cautiously to other populations,
and should not act as general predictions for body compos-
ition changes.

Conclusion

This study demonstrated accelerated, and substantial, loss
of whole-body LBM already within the first two weeks of
treatment before the onset of radiation-induced mucositis.
In comparison, FM loss was delayed by two weeks.
Maximal muscle strength, but not functional performance,
declined significantly during treatment; the former was
associated with loss of LBM. Additionally, this is the first
clinical study to show that cisplatin-based CCRT is associ-
ated with exacerbated loss of LBM compared with radi-
ation alone. Altogether, the findings add novel information
and details that further emphasize the clinical importance
of developing more effective strategies including targeted
resistance training and nutritional therapy to combat the
substantial reductions in LBM and muscle strength in
HNSCC patients – particularly following cisplatin-based
CCRT.
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